Introduction {#sec1-1}
============

Pediatric radial head fractures (RHFs) are rare injuries accounting for 4% to 20% of all pediatric elbow injuries.[@ref1][@ref2][@ref3][@ref4][@ref5] They also account for \<1% of total pediatric fractures.[@ref6] The treatment of RHF is still debated, considering the acceptable fracture alignments, reduction techniques, and unpredictable outcomes.[@ref7][@ref8] Most pediatric RHFs could be treated with immobilization alone, immobilization after closed reduction, and surgical treatment.[@ref9][@ref10][@ref11] Percutaneous pin reduction, open reduction with or without internal fixation, and elastic stable intramedullary nailing were performed as the surgical methods.[@ref3][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]

The treatment outcomes of extra articular radial head (EARH) fractures are good as they were usually angulated mildly to moderately.[@ref18] On the other hand, the treatment outcomes of intraarticular radial head (IARH) fractures are generally worse than those of EARH fractures.[@ref18][@ref19][@ref20] The treatment of RHF remains as a challenging task and is not relatively well-studied in pediatric orthopedics.

There are many research papers on each treatment method,[@ref21][@ref22][@ref23] but there are few studies comparing EARH and IARH fractures.[@ref20] In addition, there are few studies on the range of motion (ROM) of pediatric RHFs that are divided in detail. The purpose of this study is to evaluate the long term clinical and radiographic outcomes of patients with pediatric RHF. We also evaluated the correlation of the prognostic factors with the treatment outcomes.

Materials and Methods {#sec1-2}
=====================

Patient selection {#sec2-1}
-----------------

24 patients with pediatric RHFs operated between January 2004 and 2012 were included in this retrospective study. 17 patients had extra articular radial head (EARH) fractures and 7 had intraarticular radial head (IARH) fractures. The study was registered in our Institutional Review Board. The inclusion criteria were all patients with RHF with open growth plates of the radial head (\<16 years) and at least 3 years of followup. The exclusion criteria were \<3 years of followup, and patients with previous opposite elbow injury whose clinical and radiographic results cannot be compared with the normal side results \[[Figure 1](#F1){ref-type="fig"}\].

![Flowchart of subjects enrollment](IJOrtho-52-561-g001){#F1}

Because the majority of pediatric RHFs were associated with radial neck fractures, a classification system including radial neck fracture was needed. We classified the fractures of the patients according to the classification proposed by Ackerson *et al*. as EARH and IARH fractures.[@ref20] The number of patients who were classified into group EARH was 17, and those who were classified into group IARH was 7. An IARH fracture involved the Salter-Harris (S-H) classification III or IV, and an EARH fracture involved the S-H classification I, II, or radial neck fracture.[@ref24] The patients' demographics are shown in [Table 1](#T1){ref-type="table"}.

###### 

Patient\'s demographics

![](IJOrtho-52-561-g002)

Treatment choices {#sec2-2}
-----------------

All patients were managed by one surgeon at level I trauma center. A long arm cast was applied when the angulation was \<30°. When the angulation was 30°--60°, we attempted to reduce the fracture using a closed method. When the fractures were not reduced using the closed method, an open surgery was performed. When the fractures were angulated more than 60° or severely comminuted or combined with an open wound, an open surgical treatment was performed initially. In group EARH, seven patients were managed with a simple cast immobilization; one patient underwent manipulative closed reduction with cast immobilization; three patients were managed with cast immobilization after reduction with the Kirschner wire (K-wire) leverage technique \[[Figure 2](#F2){ref-type="fig"}\]; two patients were managed with closed reduction and fixation using the K-wire; and four patients were treated with open reduction. In group IARH, one patient underwent manipulative closed reduction with cast immobilization; three patients were managed with closed reduction and K-wire fixation; and three patients were treated with an open surgery \[[Figure 3](#F3){ref-type="fig"}\].

![(a) Initial AP and lateral radiographs of elbow of a 5-year-old patient. Injured Rt side and uninjured Lt side. (b) Cast immobilization after reduction using the K-wire leverage technique. (c) AP and lateral radiographs of the same patient at 7 years of followup. The RHD and RHH of the injured Rt side are slightly enlarged compared to the uninjured Lt side. (d) Clinical photographs of the same patient showing the ROM of the elbow. The injured Rt side shows an increased extension and decreased flexion compared to the uninjured Lt side (AP = Anteroposterior, Rt = Right, Lt = Left; RHD = Radial head diameter, RHH = Radial head height)](IJOrtho-52-561-g003){#F2}

![(a) Initial AP and lateral radiographs of elbow joint of a 6-year-old patient. Injured Lt side and uninjured Rt side. (b) Cast immobilization after open reduction and K-wire fixation. (c) AP and lateral radiographs of elbow joint of the same patient at 3 years of followup. The RHD and RHH of the injured Lt side are slightly enlarged compared to the uninjured Rt side. (d) Clinical photograph of the same patient showing the ROM of the elbow. The injured Lt side and uninjured Rt side show similar range of flexion and extension. AP = Anteroposterior, Rt = Right, Lt = left, RHD = Radial head diameter, RHH = Radial head height](IJOrtho-52-561-g004){#F3}

Operative procedure {#sec2-3}
-------------------

Under general anesthesia, the patients were placed in a supine position with the injured superior limb placed on a radiolucent table. Under fluoroscopy, depending on patient age and size, a 1.4-mm to 1.8-mm K-wire was then introduced percutaneously. The K-wire was inserted percutaneously from proximal to distal RHF site, and used as a joystick (K-wire leverage technique) to partially reduce it. According to decision of an operator, K-wire was removed if the reduced fragment was stable. If not, the K-wire was advanced toward the ulnar side to impact the opposite cortex. The stability of reduction and forearm rotation were checked under fluoroscopic control. The K-wire was left protruding out of the skin and was bent over to prevent migration. A long arm cast with the forearm in a neutral position was applied.

When the operator decided to open, a pneumatic tourniquet was used during the surgery to minimize blood loss. Using lateral Kocher approach, the anconeus-extensor carpi ulnaris interval was used. The capsule is opened longitudinally, and the acceptable reduction was obtained using fingers of the periosteal elevator. Using K-wire, fractured fragments were fixed. A long arm cast was also applied as closed surgery.

Evaluation tool {#sec2-4}
---------------

Information about sex, age, body mass index (BMI), injured side, dominant hand, and associated olecranon fractures was collected \[[Table 1](#T1){ref-type="table"}\]. Angulation was measured between the fracture lines of the proximal and distal fragment.[@ref1] Displacement was also measured as the extent of lateral shift of the fragment by the distance from the center of the radial head to a line along the axis of the upper radius \[[Figure 4](#F4){ref-type="fig"}\].

![A line diagram showing (a) Angulation was measured between the fracture lines of proximal and distal fragment. (b) Displacement was measured as the extent of lateral shift of the fragment by the distance from the center of the radial head to a line along the axis of the upper radius](IJOrtho-52-561-g005){#F4}

After treatment, clinical and radiographic data were collected during the followup period. The patients were followed up monthly for up to 6 months after the injury and once a year thereafter. Clinically, the Mayo Elbow Performance Score (MEPS),[@ref25] Tibone and Stoltz classification (Tibone),[@ref26] ROM, and carrying angle (CA) were evaluated. In measuring the elbow extension, the positive extension was defined as the motion past 0° to hyperextension. Radiographically, the radial head diameter (RHD), radial head height (RHH), neck shaft angle (NSA), and distance from the radial head to the radial tuberosity (RHRT) were measured and compared with the other side in simple anteroposterior radiographs of the elbow.

Statistical analysis {#sec2-5}
--------------------

The mean and range for all continuous variables were obtained using the IBM SPSS version 23.0 (IBM Co., Armonk, NY, USA). The Fisher\'s exact test, Student\'s *t*-test, and Mann--Whitney U-test were used to show the statistical differences between groups EARH and IARH. The paired *t*-test and Wilcoxon rank sum test were also used to show the statistical differences of ROM, CA, and radiographic outcomes between the injured and uninjured elbows. To evaluate possible prognostic factors between clinical outcomes, a multiple linear regression analysis was used. All statistical analyses were performed using the IBM SPSS version 23.0, and a *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Patient characteristics {#sec2-6}
-----------------------

According to the patients' demographics, all preoperative factors were comparable in both groups. There were no significant differences in sex, age, BMI, duration of followup, angulation, displacement, accompanied olecranon fracture, and open reduction between the two groups \[[Table 1](#T1){ref-type="table"}\]. There were 18 patients with an injury in the dominant hand and six patients with an injury in the nondominant hand, which was statistically significant using the Fisher\'s exact test (*P* = 0.048).

Treatment outcomes between groups extra articular radial head and intraarticular radial head {#sec2-7}
--------------------------------------------------------------------------------------------

At the last followup, all the patients were satisfied generally with the long term clinical results; excellent results were observed in all patients, except for two patients \[[Table 2](#T2){ref-type="table"}\]. The mean MEPS was 100 and 97.9 in groups EARH and IARH, respectively, with no statistically significant difference (*P* = 0.619). In group EARH, all patients showed excellent Tibone scores; however, in group IARH, five patients showed excellent results, and two patients showed good results. The differences were not statistically significant either (*P* = 0.076). The differences in the ROM between the injured and uninjured elbows were slightly lower in group IARH but were not statistically significant (*P* = 0.757, 0.166, 0.389, and 0.302). Similarly, CA, RHD, RHH, NSA, and RHRT showed no statistically significant differences between the two groups (*P* = 0.667, 0.181, 0.896, 1.000, and 0.322, respectively).

###### 

Treatment outcomes between extra articular radial head and intraarticular radial head
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Treatment outcomes between the injured and uninjured elbows {#sec2-8}
-----------------------------------------------------------

At the last followup, the injured elbows showed smaller ROMs than the uninjured elbows in flexion, supination, pronation, and the differences were statistically significant (all *P* = 0.000) \[[Table 3](#T3){ref-type="table"}\]. However, the injured elbows showed larger extension ranges than the uninjured elbows with a statistical significance (*P* = 0.000). CA, RHD, and RHH were higher in the injured elbows than in the uninjured elbows, and the differences were statistically significant (*P* = 0.006, 0.000, and 0.011). However, NSA and RHRT of the injured and uninjured elbows were similar, and the difference was not statistically significant (*P* = 0.810 and 0.752) \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\].

###### 

Comparison of range of motion, carrying angle, and radiographic outcomes between injured elbow and uninjured elbow
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Regression model of the prognostic factors {#sec2-9}
------------------------------------------

To determine the correlation between the preoperative factors and clinical outcomes, we used the multiple linear regression analysis \[[Table 4](#T4){ref-type="table"}\]. As the Tibone scores were categorical data, we converted them to numerical data by weighting them by 1, 2, 3, and 4 points. Age, angulation, and associated olecranon fracture showed statistical significances with the MEPS (β = −0.466, *P* = 0.035; β = −1.009, *P* = 0.003; and β = −0.517, *P* = 0.025, respectively). Similarly, angulation, displacement, and articular involvement showed statistical significances with the Tibone score (β = −0.877, *P* = 0.025; β = −0.765, *P* = 0.024; and β = −0.745, *P* = 0.038, respectively). However, the preoperative factors and ROM showed no significant correlation (*P* = 0.995).

###### 

Correlation between preoperative factors and clinical outcomes
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Discussion {#sec1-4}
==========

The purpose of this study was to evaluate the long term clinical and radiographic outcomes of patients with pediatric RHF. All the patients were satisfied with the long term clinical results. The injured elbows showed restricted ROMs compared with the uninjured elbows; however, the extension range rather increased. We also attempted to evaluate the correlation of the prognostic factors with the treatment outcomes, and the angulation was recognized as the strongest factor for the clinical outcomes.

The treatment of pediatric RHFs is still debated.[@ref9] In general, long arm cast immobilization is used to treat RHFs when the angulation is \<30°.[@ref23] Closed reduction is recommended when the angulation is 30°--60°.[@ref22] Many authors advocate an open surgery for the treatment of completely or severely displaced radial neck fractures.[@ref13][@ref15][@ref21][@ref27] We also performed the treatment following the formalized algorithm according to the degree of preoperative angulation.

Ackerson *et al*. also compared the treatment outcomes of groups EARH and IARH; group IARH showed poorer treatment outcomes and higher complication rates than group EARH.[@ref20] Van Zeeland *et al*. also reported unsuccessful treatments of seven IARH fractures treated with nonsurgical methods.[@ref18] Although group IARH also showed poorer clinical outcomes than group EARH, there was no significant difference in the present study. Therefore, further studies are needed to investigate the differences in the treatment outcomes between group EARH and group IARH.

Tarallo *et al*. evaluated surgical treatment of 14 cases of Mason type III and six cases of type IV. They reported that mean MEPS of elastic stable intramedullary nailing was 91.00 and percutaneous pin reduction was 91.08, respectively.[@ref28] Although clinical outcomes of the present study show slightly better, this seems to be due to the inclusion of less severe cases in the present study.

Many authors reported restriction of ROM or cubitus valgus deformity after healing of pediatric RHF.[@ref3][@ref18][@ref29] The patients in this study also showed reduced ROMs; however, the extension range rather increased in many patients regardless of the type of fracture (EARH or IARH). We attempted to determine the relationship between the change in the healing process of the radial head and elbow hyperextension. As Falciglia *et al*. reported, we could also observe an increased RHD.[@ref30] We also evaluated the RHH, which also increased at the last followup. The increase of RHD and RHH means that the radial head is compressed, and it is considered that olecranon alone cannot prevent hyperextension during elbow extension. We suspect that RHD and RHH have a slight impact on hyperextension. However, these differences are \<10°, so they might not be clinically significant.

The multiple regression analysis showed that angulation was the only overlapped predictor and the strongest factor of the clinical outcome. Other factors, such as age, displacement, and accompanied olecranon fracture also showed negative correlations with the clinical results. Zimmerman *et al*. reported that age, fracture angulation, and fracture displacement were correlated with more invasive interventions.[@ref31] Tan and Mahadev. reported that worse treatment outcomes were associated with increased fracture severity, older age, and more invasive interventions.[@ref16]

This study has several limitations. First, this was a retrospective study, and the sample size was small. Second, the final ROM was evaluated by two different physicians in an outpatient clinic, which might have affected the reliability in comparing the outcomes. Third, we did not investigate the relationship between the period when the growth plate was arrested and the radiographic change or ROM change. Finally, lack of statistical significance is likely due to small numbers for the comparison. However, the strength of this study is that we observed the long term clinical and radiographic outcomes of the patients with pediatric RHF.

All patients with pediatric RHF were satisfied with the long term clinical results. The injured elbows showed restricted ROM compared with the uninjured elbows; however, the extension range rather increased. Angulation is the strongest prognostic factor for the clinical outcomes of RHFs.
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